METHOD OF MEASUREMENT OF SPECTROSCOPIC PROPERTIES OF 
LOOSE PRODUCTS AND A DEVICE FOR ITS IMPLEMENTATION 



The claimed invention is related to analytical instrumentation, in particular, to 
spectroscopy, spectroscopic methods and devices for measurement of 
spectroscopic properties of loose products based on replenishment of a 
portion of the measured sample in the measurement zone and can be used 
for qualitative and quantitative analysis, for example, analysis of properties of 
the whole grain. 

Methods of infrared spectroscopy has applications in industry and 
agriculture, they allow to perform fast testing of product's properties on 
different stages of production, during transportation and storage. For example, 
it is a commonly accepted practice to make spectroscopic analysis of grain to 
determine its properties and constituents such as moisture, protein content 
etc. immediately after harvesting, before loading grain into a storage silo, after 
transportation and prior to be used for sowing or for baking. 

The main requirements to the results of spectroscopic analysis are 
their reliability and reproducibility. A particular feature of analysis of loose 
products is an optical inhomogeneity of the samples by its nature, so during 
analysis several areas of sample or several portions of the same sample have 
to be measured and then averaged. Therefore it is crucial for obtaining 
reliable and reproducible results to have constant and reproducible filling of 
the measurement zone with loose product from sample to sample. 

It is known that there is a method of measurement of spectroscopic 
properties of loose samples [1, 2], that comprises manual filling of the optical 
cell with a loose product, placing the cell in the measurement zone, 
measurement of spectroscopic properties of the product in several areas of 
the filled cell, the cell being immobile during the measurement and being 
moved between the measurements using a special scanning device. 
Scanning may be done either by linear movement [1] or by rotation [2] of the 
optical cell. 
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The main shortcoming of this method is a necessity to fill the cell 
manually, that decreases reproducibility of the filling and the speed of 
analysis, and also increases cost. It becomes important in case if it is 
necessary to make express analysis of large amounts of product, for example 
5 before loading grain into the storage silo during harvesting. Moreover, results 
of analysis depend upon how accurately the cell was filled (i.e. on qualification 
of the operator). 

It is known that there's a device for measurement of spectroscopic 
properties of loose products [1], that comprises an optical cell, a device for 
10 movement of the optical cell and a measuring device. 

But the known device does not have any means for automatic loading 
and discharge of the measured sample. A set of cell with fixed path lengths 
that can't be readjusted is used. 

It is known that there is a method and there is a device for 
15 measurement of spectroscopic properties of loose products [3]. This method 
comprises delivery of product in the measurement zone under influence of 
gravity, stopping the sample in the measurement zone with a shutter placed 
below the measurement zone, compacting the product by vibration, 
measurement of spectroscopic properties of the sample in still position and 
20 discharge of the sample by opening the shutter. 

The device for implementation of this known method includes a 
channel (pipeline) in which the loose product moves, a measurement zone in 
which the loose flow has a component along the gravity force, a measuring 
optical window, an optical unit for spectroscopic measurements, a valve 

25 (shutter) placed below the measuring optical window that locks the 
measurement zone to keep the product in the zone, branch of the additional 
channel (bypass), located upper than the measurement zone that provides 
the constant level of the product in the measurement zone and the product 
flow through the main channel (pipeline), and a drive that produces vibration 

30 to make sample dense. 

This method and the device for its implementation provide automatic 
loading and discharge of a sample. Constant and reproducible density of the 
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product in the measurement zone is achieved by the constant level of the 
product and by compacting the sample before measurement to make it dense 
by shaking. 

The main shortcoming of this method of measurement of spectroscopic 
5 properties of the loose samples and the device for its implementation is that 
the vibrations that are used to create dense product in the measurement zone 
could lead to disadjustment of the optical unit of the device, that in turn would 
lead to less reliable and reproducible results of measurements, while various 
methods for protection of the optical unit from vibration increase the 
10 complexity and costs of the device drastically. 

The method and the device described in [4] are the closest to the 
claimed invention by the combination of the essential parameters. The 
method comprises delivery of the sample to the measurement zone using a 
device for portioned sampling, that loads a certain amount of portions of the 

15 product; the measurement zone implemented as a vertical shaft that is closed 
in the bottom part during the sample loading and the measurement by a 
special locking device, then the registration of the spectroscopic properties of 
the sample in a still position. In this way the sample is in motion or still during 
the measurement, but the measurement of the spectroscopic properties is 

20 made when the sample is still. 

The device for implementation of this known method of measurement 
of spectroscopic properties includes a loading bunker, portioned sampling unit 
made as a paddle wheel, vertical shaft, spectral properties measurement unit, 
a locking unit that closes the vertical shaft periodically, and a discharge 
25 bunker. 

This method and the device for its implementation ensure automatic 
loading and discharge of the sample, that increase the speed of analysis and 
guarantees that the results are independent form the qualification of the 
operator. 

30 But the present method and the device do not provide the constant 

bulk density of the product in the measurement zone with desired accuracy. 
The device does not provide means for strict control of the volume of the 



sample loaded in the measurement zone and significant inhomogeneities of 
the product bulk density in the measurement zone might be caused, for 
example, by the sample sticking to the paddles of the loading wheel that is 
quite probable when the products with high moisture content are measured. 
5 Moreover, the possibility to adjust the length of the optical path depending on 
the spectroscopic properties of the product analysed is missing, that 
decreases the accuracy and reproducibility of the analysis. 

The task of the present invention is to obtain high reliability and 
reproducibility of the results of spectroscopic measurements with provision of 
10 the high homogeneity and constant bulk density of the analysed product in the 
measurement zone. 

The task set is solved using the group of inventions: 

1. Using the method of measurement of spectroscopic properties of 
loose products that comprises the product being delivered to the 

is measurement zone by portions, several portions (at least two) being loaded 
alternately in the different areas of the horizontal section of measurement 
zone to provide complete filling to ensure uniform loading and constant bulk 
density of the product in the measurement zone, and the possibility to change 
the length of the optical path of the measurement zone during the 

20 measurement to adjust this length depending on the optical properties of the 
analysed sample with subsequent discharge of the sample from the 
measurement one. 

2. Using the method of measurement of spectroscopic properties of 
loose samples, wherein the length of the optical path of measurement zone is 

25 set depending on the value of optical absorption of the analysed sample in the 
measured spectral range that ensures the optical density of the measured 
sample being in the range that corresponds to the highest accuracy of 
measurements. 

3. Using the device for measurement of spectroscopic properties of 
30 loose products that comprises that comprises a loading bunker, an inlet 

(receiver) hole, a portioned sampling unit with the means for continuous 
uniform product loading alternately to the different areas of the horizontal 
section of the measurement zone, a measurement zone, a measuring unit, a 
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unit for closing the measurement zone, an outlet (discharge) hole and a 
sample drawer, wherein the means for continuous uniform product loading 
ensures consequent filling of not less than two portions of equal volume, and 
the measurement zone being equipped with the means for adjustment of 

5 optical path length depending on the sample absorption value in the 
measured spectral range. 

Proposed are the different implementations of the means for 
continuous uniform product loading alternately to the different areas of the 
horizontal section of the measurement zone. 

10 Proposed is the implementation of the measurement zone closing unit 

as a dosing unit that perform portional sample discharge from the 
measurement zone. 

Proposed are the different implementations of certain units. 

The essence of the invention is that the proposed combination of the 

15 parameters allows achievement of high degree of homogeneity and constant 
product bulk density in the measurement zone during the measurement of 
spectroscopic properties of loose products by portioned loading with uniform 
product distribution over the horizontal section area of the measurement zone 
allows adjustment of the path length of the measurement zone depending on 

20 the optical absorption in the measured spectral range and on the bulk density 
of the analysed product in the measurement zone, and guarantees high 
accuracy and reproducibility of the results of measurements. 

The essence of the invention is also explained in the drawings wherein: 

Fig. 1 is a schematic drawing of the claimed device for measurement of 
25 spectroscopic properties of loose samples; 

Fig. 2 is a diagram of unit for adjustment of the optical path length of 
the measurement zone; 

Fig. 3 is one of the implementations of the portioned sampling unit 
made as a paddle wheel; 

30 Fig. 4 shows different paddle shapes and the sequence of paddles 

positions on the wheel; 

Fig. 5 is a portioned sampling unit made as a conveyer belt 
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Fig. 6 shows different paddle shapes and the paddle pattern on the Pelt 
Fig. 7 is a diagram of portioned sampling unit made as a screw feeder 
with additional device of an automatic shutter of a special shape for uniform 
sample filling of the horizontal section area of the measurement zone. 

5 Fig. 8 is a diagram of the measurement zone closing unit made as a 

screw feeder; 

Fig. 9 is a diagram of measurement zone closing unit made as a wheel; 

Fig. 10 is a diagram of measurement zone closing unit made as a 
conveyer Pelt. 

10 The disclosed method of measurement of spectroscopic properties of 

loose samples ensures high homogeneity and constant Pulk density of the 
analyzed sample in the measurement zone thanks to the fact that during the 
loading the sample is delivered to the measurement zone in portions, filling 
uniformly the horizontal section of the measurement zone area by consequent 

15 filling of different areas. In addition the present method ensures highest 
accuracy of measurements due to the adjustment of the optical path length of 
the measurement zone for which the optical density of the analysed product in 
the measured spectral range is in the defined accuracy range. Moreover the 
possibility to adjust the optical path length allows to measure a wide range of 

20 products with substantially different optical properties. 

The method claimed is implemented in the device for measurement of 
spectroscopic properties of loose products that comprises the loading bunker 
1 , connected through the inlet (receiver) hole 2 with the portioned sampling 
unit 3 (see Fig.1). The portioned sampling unit is connected with a special 

25 channel 4 with the measurement zone located below the portioned sampling 
unit and made in the form of an optical cell 5 where the measurement of 
spectroscopic properties is made by the measurement unit 6. Either the 
optical cell is equipped with a unit for adjustment of the optical path length of 
the cell 7, or the provision is made to be able to exchange cells with different 

30 optical path lengths. The bottom part of the cell 5 is closed by the 
measurement zone closing unit 9, that stops the movement of the product for 
the measurement period, and after the measurement the analyzed portion is 



discharged through the outlet 11 to a special container 12. Provision is made 
for a device that monitors the level of filling the cell 8, that consist of two 
optical sensors that indicates the minimal level of the product h min , located 
Pelow the measurement zone 5 and the maximal level h max located aPove the 

5 measurement zone 5. 

The unit for adjustment of the optical path length 7 (see Fig. 2) consist 
of a moving wall of the optical cell 13, electro-mechanic drive 14 and a unit for 
measurement of optical path length, that includes sensor of initial wall position 
(minimal length of the cell during the measurements) 15, sensor for 

10 measurement of the length of the cell (for example, drive rotation counter) 16. 
The particular feature of the claimed device is that the portioned sampling unit 
3 is equipped with special means for uniform portioned sampling of the 
product into the measurement zone 5. These means ensure alternate filling of 
several portions (at least two portions) of equal volume to the different areas 

15 of the horizontal section of the measurement zone. Besides the reliability of 
measurements is substantially increased by the possibility to adjust the length 
of the optical path length depending on the optical properties of the analyzed 
sample. Depending on the optical absorption of the analyzed product in the 
measured spectral range the length of the measurement zone 5 is selected so 

20 as the optical density of the sample would fall in a preset range of allowed 
values for which the use of the dynamic range of the measurement unit 6 is 
optimal and that for which the signal/noise ration is highest, that guarantee 
accuracy and reproducibility of measurement result. In addition the level of 
filling indication unit 8 and the measurement zone closing unit in the form of a 

25 dosing unit 1 0 potentially allow very precise automatic control of the volume of 
the analyzed product when the portioned sampling unit and the dosing unit 10 
are synchronized, it can be used for adjustment of the optical path length of 
the cell 5 without discharge of the product from the measurement zone to cut 
down the time of analysis and decrease the amount of sample required for 

30 analysis. 

Different implementations of the units of the device are presented 

further. 

The portioned sampling unit can be made in a form of paddle wheel 17, 
as shown on the Fig. 3. The possible size of particles (grains) of the analysed 
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product should be less than the volume between the two neighbour paddles 
(for example, larger than corn grain), but at the same time the volume 
between the paddles should accommodate enough product to fill the optical 
cell fully with at least two portions, and thus it should not be larger than a half 

5 of the minimal volume of the measurement zone (volume of the measurement 
zone with shortest path length). 

The paddles alternately inclined with respect to the plane perpendicular 
to the wheel axis are used as the means for consequent uniform sample 
loading alternately to the different areas of the horizontal section of the 

10 measurement, the shape of the surface of the paddles is defined by the area 
of the horizontal section of the measurement zone to which the paddle loads 
the product. For example, if the paddles are alternately inclined with respect 
to the plane that is perpendicular to the rotation axis by the angle 0 (see Fig. 
4), the product is loaded in the different parts of the cell that ensures high 

15 uniformity of filling of the cell and constant bulk density of the product in the 
measurement zone. Some other examples of shapes of the paddles are 
shown on the Fig 4. and different sequences of paddles on the wheel. To 
provide complete filling of the paddle with loose sample and to provide the 
constant volume of single portions the inlet (receiver) 2 may be shifted aside 

20 from the vertical line that goes through the rotation axis of the wheel (Fig. 3), 
and the direction of rotation is selected in such a way that the paddles of the 
wheel would move upwards (to the inlet hole). 

The outlet hole 1 1 also can be shifted from the vertical line that goes 
through the rotation axis of the wheel (Fig. 3), that provides that the product 

25 fills the cell with a uniform flow of minimal thickness. 

The portioned sampling unit can also be made in a form of a conveyer 
belt 1 8, as shown on the Fig. 5, the paddles and the cavities of the belt are 
made to provide loading of the product by equal portions. The possible size of 
particles (grains) of the analysed product should be less than the volume of 

30 the belt partition (for example, larger than corn), but at the same time this 
volume should accommodate enough product to fill the optical cell fully with at 
least two portions, and thus it should not be larger than a half of the minimal 
volume of the measurement zone (volume of the measurement zone with 
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shortest path length). The paddles of different shapes and placed in different 
pattern on the Pelt (Fig. 6) are used as the means for consequent uniform 
sample loading alternately to the different areas of the horizontal section of 
the measurement, the shape of the paddles is defined Py the area of the 

5 horizontal section of the measurement zone to which the paddle loads the 
product. For example, if the paddles are alternately inclined with respect to 
the direction of the belt movement under an angle 0 (see Fig. 6), the product 
is loaded in the different parts of the cell that ensures high uniformity of filling 
of the cell and constant bulk density of the product in the measurement zone. 

10 Some examples of the shape of partitions and the patterns on the belt are 
shown on the Fig 6. 

The automatic shutter of a special shape 1 9 that opens different areas 
of the horizontal section of the measurement zone may be used as a mean for 
consequent uniform sample loading alternately to the different areas of the 

15 horizontal section of the measurement. One of the examples of 
implementation of such a shutter in a form of a rotating circle plate with holes 
made on the different distances from the rotation axis is shown on the Fig. 7. 
The shutter 19 is synchronised with portioned sampling unit 3. An 
implementation of the shutter having the same drive as the portioned 

20 sampling unit may be done. The portioned sampling unit may be done in a 
form of a screw feeder 20 if the shutter is used (see Fig. 7). 

In addition a baffle can be installed between the portioned sampling 
unit 3 and the optical cell 5 (see Fig. 3) that would cleave the product flow and 
thus make the filling of the cell uniformly over the horizontal section of the 

25 measurement zone in portions of required volume. The simplest design of the 
baffle 21 is a plate placed in the channel 4 parallel to the direction of the light 
beam separating the channel 4 in two sections. When used together with 
portioned sampling unit 4 in a form of paddle wheel the plate makes the 
loading of the product in the cell 5 through two different sections of the 

30 channel 4 that ensures most dense, uniform and reproducible filling of the cell 
5. 

The measurement zone closing unit 9 is required to stop the product 
flow for the period of measurement of spectroscopic properties and removal of 
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the sample from the measurement zone. The simplest model of the 
measurement zone closing unit as an automatic shutter, in this case all the 
content of the of the measurement zone is discharged when the shutter is 
opened. The measurement zone closing unit made in a form of a dosing unit 
10 allows to make sample discharge in portions and offers the possibility to 
control the amount of the analysed sample portions with high precision that 
can be used for adjustment of the optical path length of the cell 5 without 
discharging the product from the measurement zone, shortens the time of the 
analysis and minimizes the amount of sample required for analysis. The 
dosing unit can be implemented in different forms - as a paddle wheel (see 
Fig. 7), as a screw feeder (see Fig. 6) or as a conveyer belt (see Fig. 8). 

This device operates in the following way: the sample of the measured 
product is loaded in the loading bunker 1. Using the optical path length 
adjustment unit 7 the required optical path length is set that corresponds to 
the expected optical absorption in the measured spectral range. The 
adjustment is made with the electro-mechanical drive 14 that first set the 
moving wall of the adjustable cell 13 in the minimal path length position, then 
the electro-mechanical drive 14 is switched on to move the wall 13 in the 
direction of increasing the cell length. When the moving wall passes the initial 
position the sensor that controls this position triggers and the path length 
measuring sensor checks the length of the cell. When the required length of 
the adjustable cell 5 is achieved the electro-mechanical drive stops and the 
portioned sampling unit 3 is switched starting the filling of the cell. The cell is 
filled up to the h max ., level, the process being controlled by the level indication 
unit 8 that sends a signal to stop sample loading as soon as the level is 
achieved. 

In case if the measurement zone closing unit is made in a form of a 
dosing unit 10 that provides portioned sample discharge, it is possible to 
make precise monitoring of product level in the measurement zone. If the 
maximal level is passed then the dosing unit 1 0 is activated automatically and 
it discharge a certain amount of sample that surpasses the h max limit until the 
desired limit is reached, i.e. the cell 5 is always loaded with the product to the 
same level. The filling is made with separate portions of constant volume that 
is larger than half of the minimal path length of the optical cell (cell volume at 
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minimal optical path length) subsequently into different areas of the horizontal 
section of the cell 5 that ensures uniform and reproducible filling 

This algorithm of cell loading 5 and the possibility to introduce the unit 
for monitoring of filling level of the cell 8 provide homogeneous reproducible 

5 filling of the cell and let us avoid changes of the level of the filling of the cell 
caused by erratic operation of the portioned sampling unit 3, for example, due 
to sticking of the grain to the walls of the loading bunker. After the cell 5 is 
filled, the first measurement of the spectroscopic properties of the sample is 
made using the measurement unit 6. Using the level indication unit 8 together 

10 with the dosing unit 10 (made in a form for a portioned discharge) it is 
possible to make fine adjustment of the optical path length by the level of the 
signal on the output of the measurement unit 6, selecting the optical density of 
the sample with higher accuracy allows to benefit of use the wider dynamic 
measurement range. During the adjustment of the optical path length the level 

is of the product in the cell is kept constant h max by synchronous operation of the 
portioned sampling unit 3 and dosing unit 10. 

For example, if it is necessary to make the optical path length shorter, 
the dosing unit 10 is switched on simultaneously with the optical path length 
adjustment unit and discharges the required volume of the product. In case if 

20 it is necessary to make the optical path length longer then portioned sampling 
unit is switched on and the product is replenished until it reaches the h max 
level. In such a way the device allows readjustment of the optical path length 
without full discharge of the sample from the measurement zone. After the 
spectroscopic properties of the first sample of the product are measured and 

25 the optimal optical path length is set, the first sample is discharged from the 
cell with the dosing unit and the optical path length remains the same during 
the whole series of measurements of the sample. The level indication unit 
signals that the first measured sample portion is discharged when the level of 
the product in the cell becomes lower than h min . 

30 After that the second portion of the sample of the measured product is 

loaded in the cell. The product is loaded up to the h max level. After that the 
spectroscopic properties of the second sample are measured, then the 
sample is discharged from the cell until the level becomes lower than h min that 
ensures that the analysed product sample in the measurement zone is 
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completely refreshed. Then the loading cycle, measurement of spectroscopic 
properties of the sample and discharge are repeated several times, usually 
10-20 times. After the measurement cycle is finished, the product is fully 
discharged from the device by the operation of the portioned sample loading 
unit 3 when the measurement zone closing unit 9 is in opened position or 
when the sample dosing unit 10 operates during a set period of time after the 
product level becomes lower than h min .. 

The claimed invention ensures high reliability and reproducibility of the 
results of the measurements thanks to the uniform and reproducible loading of 
the product in the measurement zone and possibility to adjust the length of 
the optical path depending on the optical absorption of the product in the 
measured region. The distinct feature of the claimed invention is that the 
analysed sample is delivered to the measurement zone in portions of equal 
volume with consequent loading in the different areas of the horizontal section 
of the measurement zone that produces more uniform (with constant bulk 
density) and reproducible filling of the measurement zone. Additional technical 
solutions of different elements (shape of paddle wheel, displaced inlet and 
outlet holes, shape of paddles on the conveyer belt, automatic shutter of and 
the baffle, placed above the measurement zone) provide most uniform 
reproducible filling of the cell with sample with optimal product bulk density. 
Moreover, the possibility to adjust the length of the optical path allows to make 
measurements of a wide range of products with essentially different 
spectroscopic properties, and fine adjustment of the length makes it possible 
to analyse products with optical parameters that varies in a in wide range of 
values. 
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